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Introduction 
 
Currently, most airways and routes, as well as a 
significant number of airfields and landing strips for 
aircrafts operated by Regional Airlines (RA), which 
in fact are not equipped with radio-technical 
navigation and landing equipment. The introduction 
of such equipment leads to a significant increase in 
safety and efficiency of the aircraft flights. 
So far, performing an approach, prelanding 
maneuvering and actually landing of aircrafts, in 
fact, did not involve applying the multipositioning 
principles of ground equipment. Radio Navigation 
and Landing System (NLS), based on such principles, at 
the expense of spatial correlation of its signals, has a 
higher potential of performance characteristics in 
comparison with monopositioning tools. 
 
Problem definition 
 
As it was shown in [1], the goals of navigation 
and landing of RA aircrafts are carried out using 
airborne and ground-based equipment, operating in 
the request-response mode. 
The physical basis for determining the deviations 
from the reference trajectories in horizontal and 
vertical planes is the measurement obtained by the 
aircraft airborne equipment (see table). The 
measurement at least should include the following 
coordinate information (fig. 1): 
– two course angles CA1,2 relative to two (1,2) 
radar responder beacons RRB, located near the 
runway and the aircraft flight  altitude H [2]; 
– two (three) slant ranges D1,2 (D1,2,3) relative to 
two 1,2 (three 1,2,3) RRB and flight altitude H of 
the aircraft [3]; 
– the parameters m, D, Z and ε are defined by 
formulas: 
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Equipping of the aircraft of regional airlines with radar and navigation equipment 
 
Aircraft type 
Equipment type 
An-24 An-28 L-410 Yak-40 Helicopters of MI-8 class  Note 
Radar RSPN-2M RSPN-2М Kontur Kontur Groza Kontur 
Radio altimeter RVUM А-037 RV-5 RV-3М RV-3 
All aircrafts can be equipped 
with on-board rangefinder 
DME/P 
(MCD-2000, BHD) 
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Each variation of the automatically generated 
coordinate data corresponds to its own variation of 
construction of airborne equipment on the basis of 
standard airborne radio equipment - radar, radio 
rangefinder, altimeter. It is also possible to combine 
the coordinate information such as the 
measurements of both course angles and distances 
relative to the beacon.  
In this case one can also take into account 
additional factors such as sideslip angle during 
navigation and landing of the aircraft, which is 
impossible when measuring only course angles. 
One of the options for automatic calculation of 
coordinate information is the usage of airborne radar 
such as "Groza" or "Kontur", and airborne radio 
altimeter.  
The radar gives information about range (course 
angle) to each RRB. On the basis on these data the 
location of aircraft is identified by the computing 
device [2]. 
The structure and operating algorithms  
of the system 
Another alternative to the automatic generation 
of coordinate information in such systems [1] is the 
usage of commercial airborne rangefinder (such as 
SD-75 [4]), interacted in this case with ground-based 
transponder beacons of RA. This is a "truncated" 
version of the rangefinder and it does not include a 
control panel (СPA, СPR) and indicators (ISD-1,  
ISD-2), therefore it is necessary to develop its own 
RA control board. Since the weight of the entire set 
of rangefinder airborne equipment is ~ 16 kg, and a 
truncated set being even smaller, it becomes clear 
that using only DME interrogator (weight ~ 10 kg) 
and matching onboard equipment of RA (weight of 
~ 4 kg) as a source of the coordinate information 
significantly simplifies the installation of this 
equipment on aircrafts of RA. 
In addition, it is  possible to use a small-size 
scanning rangefinders MCD-2000 (produced by 
Enterprise « Avia-radio Servis », Kyev), currently 
being implemented into serial production and a BHD 
(produced by enterprise in St. Petersburg, Russia), as 
well as numerous modifications of other foreign 
compact rangefinders [5], having characteristics 
matching the recommendations of the International 
Civil Aviation Organization. 
In such way both configuration of the ground-based 
transponder beacon and the configuration of the onboard 
equipment remain the same in comparison with variant of 
system radar-RRB, [2]. Also, the location of beacons 
relative to the runway or the courseline projection remains 
unchanged, as presented in fig. 1.  
 
 
 
Fig. 1. Geometric relations during aircraft landing in multiposition NLS: 
1, 2, 3 – radar responder beacons (RRB) 
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Only two parameters need to be modified. These 
are the technical implementation of RRB, which is 
operated, in this case, at the DME frequency range 
(except encoding and decoding devices), and 
information processing algorithms. 
This article is focused on the variant of 
determining the position of the aircraft in two planes 
by the three range method [3] without usage of the 
altimeter. 
The structure diagram of RA onboard equipment 
is presented in fig. 2 and information processing 
algorithm is presented in and fig. 3.  
NLS of RA aircrafts at this configuration works 
as follows. Control board sends a set of one-time 
commands generated by an array of potential signals 
to digital processing unit.  
These commands set: 
1. System operation modes - "Aircraft control", 
"Navigation", "Landing"; 
2. Program number of code combination of 
interrogation and reply pulses; 
3. Program number of reference landing 
trajectories; 
4. Program number of transponder beacons 
location. 
 
ГK ∆∆ ,
 
 
Fig. 2. Airborne equipment NLS of LA during 
interaction    of    the  DME   rangefinder  with  
transponder beacons 
As can be seen, modes of NLS that use airborne 
radio rangefinder at its base, analyzed in this article, 
are similar to modes of NLS that use airborne  
radar [2]. 
The presence of 10 programs of setup for code 
combinations makes it possible to find [6] the 
transponder beacons both in single and in multiple 
neighboring placement locations. In contrast to the 
conventional DME operation, NLS of RA operates 
on a single frequency, but with the frequency 
diversion between the request and response channels 
from amount assigned to DME. Therefore, the number 
of temporary codes should be more than what is 
appropriate for DME system, since some of them 
coincide with the regulated codes for the DME system.  
Programs of reference landing trajectories in the 
form of dependencies ε(D) and CA(D) by the 
number and the form of the beacons location 
program also coincide with what is stated in [2]. 
The rangefinder interacts with the transponder 
beacons in the following way. In "Navigation" or 
"Landing" mode the airborne rangefinder requests 
each RRB by turns with an interval ~ 0,1 – 0,2 sec. 
Then the receiving process of response signal takes 
place, followed by decoding and receiving of 
measured range codes D1i, D2j, D3k. The indices 1, 2, 
3 denote signals belonging to RRB # 1-3, and 
indices i, j, k - the volume of radar return bursts of 
each beacon. Next is calculation of range to each 
beacon D1, D2, D3 by averaging of corresponded 
codes with relative time reference. 
The moment of the first range information 
calculation is taken as the time origin, for example, 
1
1 1
lD D= . When the distances to each RRB at time l 
are determined, it’s possible to calculate the location 
of aircraft in the runway coordinate system (in 
"Landing" mode) or the airplane flight course 
relative to the North (in "Navigation" mode). In the 
latter case it is needed to enter of beacons’ base 
angle relatively to the North. It is difficult to 
perform this programmatically because of the large 
number of RRB placement variations, like in [2], 
RA system control board must have entry field for 
input of beacons base azimuth. 
When the location of aircraft is identified, the 
processing of trajectory coordinates, up to 
calculation of deviations from the reference 
trajectories, coincides with stated in [2]. 
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Fig. 3. Information processing algorithms in airborne equipment of navigation and landing system (NLS)  
during interaction of DME rangefinder with transponder beacons 
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The rate of update and release of output data, as 
well as for radar-RRB interaction case, is 1-2 Hz.  
The flexibility of multiposition NLS (MPLS [1]) 
allows structure it for different operating conditions in 
providing the aircraft landing operations of both 
airplane, fig. 1 and helicopter types, such as in fig. 4, 
where: DE – directional characteristic of combined 
antennas of airborne radio-range equipment AE, main 
transponder beacon TB and retransmitters RT1,2, located 
in В, С, А points relatively to the runway. 
For such a configuration, the aircraft coordinates 
are calculated according to the formulas: 
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The operating algorithms of the MPLS are 
constructed in the same way under constant 
instrumental base, fig. 2. 
Conclusions 
1. To construct the navigation and landing 
system of LA as a source of information is necessary 
to equip the aircrafts of LA either by standard 
airborne radar or by standard airborne DME radio 
rangefinders. To determine the location of aircraft in 
the vertical plane the information about the altitude 
from radar altimeter can be used. For these two 
packaging variants the structure of construction of 
onboard equipment and operating algorithms are 
very similar [2], and the structure of transponder 
beacons and their location on the runway 
(courseline) is the same. 
2. The airborne equipment for both packaging 
variants includes a control board and a digital 
processing unit with electronic modulus for 
conjugation with the standard airborne devices. The 
transponder beacon contains a receiver-transmitter 
with decryption and encryption devices respectively. 
 
 
 
Fig. 4. Geometric relations in MPLS during helicopter landing 
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3. The main function of the airborne equipment 
is an automatic computing of the course angles and 
ranges, or only ranges to each transponder beacon, 
computing of altitude and software positioning of 
aircraft on the basis of the given coordinate 
information of deviations from reference navigation 
and landing trajectories. 
4. The control board function: 
– switching operation modes; 
– selection of program of request and response 
codes installation; 
– selecting of program of transponder beacons 
location; 
– reference trajectory program setting. 
5. The output information of navigation and 
landing system of RA is an analog voltages, which 
are proportional to the deviation from the reference 
trajectories in the vertical (only during aircraft 
landing) and horizontal planes for displaying on the 
aviation instrument device type.  
The update rate of coordinate information is 1-2 Hz 
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